Introduction
============

Cancers of epithelial origin are the most frequent type of malignancy in humans and their frequency augments exponentially with age.[@b1-cmar-10-5767] Most tumors are composed of heterogeneous populations of cells that differ in their genetic lesions, cellular morphology, differentiation state, proliferation capacity, and therapeutic response. It has been suggested that tumors are "abnormal organs" sustained by a population of cancer stem cells (CSC), endowed with the ability to self-renew and with multipotent differentiation capacity to yield a heterogeneous cell progeny.[@b2-cmar-10-5767] CSC have been identified in various types of cancers by discrete surface marker expression (CD44, CD133, CD105, aldehyde dehydrogenase \[ALDH\], EpCAM) and by their ability to generate spheres in vitro and xenograft tumors in vivo.[@b3-cmar-10-5767]--[@b6-cmar-10-5767] Interestingly, it has been shown that, through a reverse process, more differentiated progenitor cells can switch to CSC.[@b7-cmar-10-5767],[@b8-cmar-10-5767] Different mechanisms have been proposed to explain this dynamic phenotypic interconversion or cell plasticity, including spontaneous conversion,[@b7-cmar-10-5767],[@b9-cmar-10-5767] inducers of epithelial--mesenchymal transition (EMT),[@b10-cmar-10-5767],[@b11-cmar-10-5767] or inflammatory or senescent processes,[@b12-cmar-10-5767]--[@b14-cmar-10-5767] among others.

We have shown that post-crisis premalignant human embryonic kidney (HEK) cells have the potential to become fully tumorigenic, in immunocompromised mice, exclusively in the presence of a senescent microenvironment.[@b12-cmar-10-5767] Explanted cells isolated from these tumors display enhanced stem-like cell properties and autonomous tumorigenic potential, that is, in the absence of a senescent microenvironment. Phenotypic analysis showed that explanted cells result from EMT cells that have undergone incomplete or partial MET process,[@b12-cmar-10-5767] with population cells expressing both epithelial and mesenchymal markers (hybrid phenotype),[@b15-cmar-10-5767],[@b16-cmar-10-5767] and variable levels of CD24. Whereas two of the explanted cell lines were clearly either CD24^+^ or CD24, one particular cell line (PC1-Expl-1) showed a heterogeneous expression of CD24.[@b12-cmar-10-5767]

Early work has shown an important role of CD24 in the tumorigenesis and progression of different types of cancers, including renal cell carcinoma (RCC),[@b17-cmar-10-5767] nasopharyngeal cancer,[@b18-cmar-10-5767] hepatocellular carcinoma,[@b19-cmar-10-5767] ovarian cancer,[@b20-cmar-10-5767] NSCLC,[@b21-cmar-10-5767] breast cancer,[@b22-cmar-10-5767] pancreatic carcinomas,[@b23-cmar-10-5767] and others. This mucin-like cell surface protein[@b24-cmar-10-5767] is broadly overexpressed in many types of tumor tissues and has been useful as a diagnostic and prognostic marker in many types of cancers[@b20-cmar-10-5767],[@b22-cmar-10-5767],[@b25-cmar-10-5767]--[@b34-cmar-10-5767] including very common ones, but also less frequent ones, such as the clear cell RCC.[@b24-cmar-10-5767],[@b35-cmar-10-5767],[@b36-cmar-10-5767] On the other hand, some human CSC showed decreased CD24 expression compared to their progeny.[@b37-cmar-10-5767],[@b38-cmar-10-5767] Indeed, low CD24 expression has been associated with breast[@b3-cmar-10-5767],[@b38-cmar-10-5767] and colorectal[@b37-cmar-10-5767] cancer. In combination with high CD44 expression, downregulation of CD24 has been associated with CSC and tumorigenesis in breast cancer.[@b10-cmar-10-5767],[@b11-cmar-10-5767] At the same time, also in breast cancer, CD24 overexpression was significantly correlated with the presence of lymph node metastasis and more advanced pathologic stages.[@b39-cmar-10-5767]

At the experimental level, it has been shown that CD24 expression induces increased cell proliferation, migration, and invasion, warranting rapid tumor cell spreading,[@b40-cmar-10-5767] properties fostered by the EMT program (partial or complete) and stemness capabilities.[@b39-cmar-10-5767],[@b41-cmar-10-5767],[@b42-cmar-10-5767] Also, work with different types of cancer cell lines has shown that CD24 was able to promote tumor cell proliferation and invasion.[@b41-cmar-10-5767],[@b43-cmar-10-5767]

It is likely that the role of CD24 in the acquisition of stem-like cell properties and tumorigenic capacity is context-dependent (type of cancer, cell of origin, state of cancer development, environmental cues, and so on). Therefore, it would be important to associate its expression or lack of expression with the acquisition of particular cell functions responsible for either tumor initiation capacity, tumor progression, or metastasis. To do this, we have isolated and characterized CD24-positive (CD44^+^CD24^Pos^) and -negative (CD44^+^CD24^Neg^) cells from the tumorigenic PC1-Expl-1 HEK cell line. Our results suggest that a full stemness program is not necessary for tumor initiation.

Materials and methods
=====================

Cell lines and culture conditions
---------------------------------

HEK cells were established in Silvia Bacchetti's laboratory (Department of Pathology, McMaster University) in 1990 and reported for the first time in 1992;[@b44-cmar-10-5767] these cells were transferred to the Londono lab for a collaborative work in 2001 and the transfer was covered by an institutional material transfer agreement.[@b45-cmar-10-5767] The "Explanted" cell lines were established in the Londono lab by putting in culture flasks tissue slices obtained from the tumors formed by PC1 and PC2 in immunocompromised mice as previously described.[@b12-cmar-10-5767] CD44^+^CD24^Pos^ and CD44^+^CD24^Neg^ cells were separated from the PC1-Expl-1 by fluorescence-activated cell sorting (FACS). Cells were negative for mycoplasma DNA contamination as we evaluated by PCR (Mycoplasma Check: Mycoplasma Detection at GATC Biotech). Cells were maintained under standard culture conditions in a humidified 5%, CO~2~ atmosphere at 37°C in modified Eagle's culture media supplemented with 10% FBS, essential amino acids, and sodium pyruvate as described previously.[@b12-cmar-10-5767] The use of these cell lines was approved by the Ethics committees of the participating institutions.

Flow cytometry analysis and cell sorting
----------------------------------------

Cells (10^6^) were harvested after trypsinization, washed and suspended in 500 µL PBS 1× containing 0.5% BSA. Cells were stained with fluorescein isothiocyanate-conjugated mouse anti-human CD44, R-Phycoerythrin-conjugated mouse anti-human CD24 (both from Invitrogen), APC-conjugated mouse anti-human EpCAM (CD326) (Miltenyi Biotec), or APC-conjugated mouse anti-human CD105 (Miltenyi Biotec) monoclonal antibodies. Cells incubated without antibody were used as a blank. The different antibodies were incubated for 45 minutes and washed to remove the excess of antibodies. The cytometric analysis and cell sorting were carried out using a FACS Aria-II flow cytometer (BD Biosciences, San Jose, CA, USA). Cells were kept in sterile conditions during cell sorting and the purity of each sorted population was tested after each sort by rerunning the sorted population. After sorting, cells were checked under an inverted microscope and were kept under standard culture conditions. The Flow Jo software was used for data acquisition and analysis, using measurements from 10,000 cells in each experiment.

ALDH activity determination
---------------------------

ALDH activity was determined using an ALDEFLUOR assay kit (Stem Cell Technologies) according to the manufacturer's protocol. Briefly, 10^6^ cells were stained with bodipy-amino-acetaldehyde (BAAA) and incubated for 30 minutes at 37°C. A specific inhibitor of ALDH1, diethylamino-benzaldehyde (DEAB), was used to control background fluorescence. The stained cells were analyzed using the FACS Aria II (BD Biosciences). The data were analyzed using the Flow Jo software program.

Cell proliferation determination
--------------------------------

Cells were seeded in triplicates into 16 mm-diameter wells at a density of 5,000 cells per well in 0.5% FBS MEMα medium and allowed to attach for 24 hours. At daily intervals and for 5 consecutive days, cells were harvested from the monolayer after trypsinization and counted using a Neubauer chamber.

Cell migration and invasion assays
----------------------------------

Cells were grown to 70%--80% confluence, and then serum starved overnight before setting up the experiments. Cells were washed twice with PBS 1×, harvested after trypsinization, and collected and suspended in starvation medium. For "wound healing" assays, cells were seeded in triplicates, grown to confluence, and scratched with a p10 pipette tip making a straight scratch, simulating a wound. Images were captured at 0, 6, and 12 hours. At least ten images at each time point were used for analysis and the percentage of invaded area was estimated by using Image J program. For transwell migration assays, filters (8.0 µm pore size) and 24-well transwell chambers (BD Biosciences) were used. Chambers were rinsed with culture medium without serum 1 hour before the assay. The cells were plated in triplicates in the upper wells at a density of 1 × 10^5^ per well in 0.1 mL of culture medium. Chemotaxis was induced using medium with 20% FBS on the bottom side of the chambers. Cells were allowed to migrate for a period of 48 hours at 37°C and 5% CO~2~ atmosphere, after which the experiment was stopped by wiping the cells from the upper side of the chamber with cotton swabs and fixed immediately with methanol 15 minutes and then stained with 0.5% of Crystal violet in water for 15 minutes. A total of ten images were taken for quantification using an inverted microscope. The invasion assay was identical to the above migration assay except that filters were coated with 100 µL of matrigel (BD Biosciences), diluted one-third in medium without serum. The experiment was stopped after 48 hours as described above.

Cell adhesion assay
-------------------

Fibronectin at 20 µg/mL (Invitrogen) was added to 96-well plates and incubated for 2 hours at 37°C and 5% CO~2~ atmosphere; then the solution was removed, and the wells were washed with PBS 1× and incubated during 1 hour with the blocking solution (0.5% of BSA in medium) in order to block any unspecific binding. To each well 4 × 10^4^ cells were added in triplicates. Plates were then cultured for 40 minutes at 37°C and 5% CO~2~ atmosphere. Subsequently, the unbound cells were removed from the wells by gentle aspiration and carefully washed three times with PBS 1× and the remaining cells were stained with Crystal violet, as described above. The adherent cells were counted using an inverted microscope. The Cristal violet was dissolved with PBS having 2% SDS and the absorbance was read at 550 nm.

Human inflammatory cytokine assay
---------------------------------

The amount of human proinflammatory cytokines (IL1β, tumor necrosis factor alpha, IL12-p70, IL6, IL8, and IL10) present in cell supernatants from CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ cells was determined using a human inflammatory cytokine kit (BD™ Cytometric Bead Array following the manufacturer's instructions. A FACScan flow cytometer (BD) was used for the data acquisition and the FCAP Array Software with BD FACSArray Bioanalyzer-BD Biosciences for the analysis.

Human cytokine array
--------------------

Cell supernatants were collected and analyzed for the expression of 40 cytokines using a human cytokine detection kit (\# ARY005B, R&D Systems). The blot was performed according to the manufacturer's instructions and imaged using standard enhanced chemiluminesence-based detection and autoradiography. Each dot represents a specific protein expression.

qRT-PCR
-------

RNA was extracted using the Trizol/chloroform method (Invitrogen) according to the manufacturer's instructions. The concentration of total RNA was measured by an ND-1000 NanoDrop spectrophotometer and 1 µg of RNA was treated with DNAse I (Invitrogen) and used for the reverse transcription using the high-capacity cDNA reverse transcription kit (Applied Biosystems). The resulting cDNA was assessed by qRT-PCR using Power Syber Green Master Mix (Applied Biosystems). The volume of each reaction was 25 µL. Measurements were done in a 7500 Real Time PCR system. For each sample, qRT-PCR reactions were done in triplicate, and the entire analysis was done twice independently. The average Ct-value for the endogenous control (glyceraldehyde 3-phosphate dehydrogenase) was calculated for each sample. To calculate the relative expression of the gene of interest the delta-delta Ct-method was used.[@b46-cmar-10-5767] The sequence of the primers used is provided in [Table S1](#SD5-cmar-10-5767){ref-type="supplementary-material"}.

Mammosphere-forming assay
-------------------------

Mammosphere assays were performed as described by Dontu,[@b47-cmar-10-5767] using 5 × 10^3^ cells/six-well ultralow attachment plates (Nalge Nunc International). Cells were seeded in triplicates in serum-free DMEM/F12 (1:1) medium supplemented with 20 ng/mL basic-fibroblast growth factor (Gibco; Ref. PHG0266), 20 ng/mL epidermal growth factor (Gibco; Ref. PHG0315), ITS (insulin+ transferrin + selenium, Sigma), B27 supplement (GIBCO), and 1% methylcellulose. Fresh medium was added to each well every 2 days (without removing the old medium). Cells were grown in these conditions as nonadherent spheres during 9 days, after which the spheres \>100 µm were counted. Medium without growth factors was used as a control (without induction).

Multipotent cell differentiation assay
--------------------------------------

Differentiation assays were performed as previously described.[@b48-cmar-10-5767] For adipogenic differentiation we used incomplete medium MEMα (Sigma-Aldrich) supplemented with 10% FBS, 1 mM dexamethasone (Sigma), 0.5 mM isobutylmethylxanthine (Sigma), 200 µM indomethacin (Sigma-Aldrich), and 10 µg/mL insulin (Sigma-Aldrich). Adipocytes were stained with Oil Red-O solution. Osteogenic differentiation was induced with incomplete medium MEMα, supplemented with 10% FBS, 100 nM dexamethasone, 0.2 mM ascorbic-2-phosphate (Sigma-Aldrich), and 10 mM β-glycerophosphate (Sigma-Aldrich). Cells were assessed for alkaline phosphatase (ALP) activity using an ALP staining kit (Chemicon International, SCR004) following the manufacturer's instructions. For chondrogenic differentiation, 5 × 10^4^ cells were plated in a 24-well plate and cultured in chondrogenic induction medium, containing MEMα and 10 ng/mL TGF-β1 (Sigma-Aldrich). Chondrocytes were stained with 0.1% Safranin O. Cells were observed with an inverted microscope.

Immunohistochemistry
--------------------

Biopsies from tumors derived from mouse injected with PC1-Expl-1, CD44^+^CD24^Neg^, and Mix cells were evaluated for all premalignant and malignant lesions using routine H&E stain ing and E-cadherin, EMA, Vimentin, alpha-smooth muscle actin (αSMA), and PAX8 by immunostaining according to the manufacturer's instructions.

Western blot
------------

Cells were harvested at 75% confluence and lysed in RIPA buffer with protease (Roche) and phosphatase inhibitors. Protein quantifications were performed using the Pierce BCA Protein Assay kit (Thermo scientific), and 40 µg of protein was analyzed in 10% SDS-PAGE and electro-transferred on polyvinylidene difluoride membranes (Mil-lipore Corp., Bedford, MA, USA). The PageRuler Plus Prestained Protein marker (Thermo Scientific) was used as ladder. Transfer was performed for 30 minutes at 15 V in a semidry system. Blocking was performed with 5% BSA for 1--2 hours at room temperature and primary antibodies were incubated at 4°C overnight. Detection was performed using the 5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium kit (Promega). The following antibodies were used: mouse monoclonal E-cadherin (BD Biosciences; Ref. 610182) dilution 1:5000; mouse monoclonal Beta-actin (Santa Cruz Biotechnology; Ref. sc-47778) dilution 1:30,000, rabbit polyclonal (zinc finger E-box binding home box 1 \[ZEB1\]) (Abcam; Ref. ab64098) dilution 1:500; mouse monoclonal Vimentin (Sigma; Ref. V5255) dilution 1:1000; rabbit polyclonal Twist1 (Sigma; Ref: T6451) rabbit polyclonal nuclear factor kappa B (NF-κB) (Abcam; Ref: ab16502) dilution 1:500; rabbit polyclonal NF-κB phosphoS536 (Abcam; Ref: ab86299) dilution 1:500; mouse anti-STAT3 (Sigma; Ref: SAB1404414) dilution 1:1,000 and rabbit polyclonal STAT3 phosphoTyr705 (Sigma; Ref: SAB4504541) dilution 1:1,000.

Colony formation assay
----------------------

Cells were cultured in MEM with 10% FBS. Cells were then plated at a density of 500 cells per well in six-well plates and allowed to adhere overnight at 37°C, 5% CO~2~ atmosphere. Cells were allowed to grow \~10--12 days. Colonies were then stained with 0.5% Crystal violet in 20% methanol for 30 minutes and washed.

Tumorigenicity assays
---------------------

Sorted cell lines were expanded and then harvested by trypsinization for 5--10 minutes at 37°C in an incubator. Cells were washed with PBS 1×, centrifuged for 5 minutes at 800 *g*, suspended in the culture medium without serum, and kept on ice until use. For subcutaneous injections in the flanks of severe combined immunodeficiency (SCID) mice (five mice per group; female; 6--8-week-old), 0.2 mL of a cell suspension containing 5 × 10^5^ cells was used. For coinjection experiments, a suspension containing 2.5 × 10^5^ of both cells was used. Animals were purchased from Charles River, Germany and were kept under specific pathogen-free environment conditions and inspected for tumor growth at least twice a week for at least 3 months. The tumor volume was calculated using the formula: tumor volume \[mm^3^\] = (length \[mm\]) × (width \[mm^2^\]) ×0.52. Animals were killed at the end of the observation period or when tumors reached a volume of 1.200 mm^3^. Institutional and National guidelines for the care and use of animals were followed. The institutional ethics committee board (CEEA-IC) approved all the protocols. Animal care and use for this study were performed in accordance with the recommendations of the European Community (2010/63/UE) for the care and use of laboratory animals. Experimental procedures were specifically approved by the ethics committee of the Institute Curie CEEA-IC \#118 (Authorization 03416.02 given by National Authority) in compliance with the international guidelines.

Statistical analysis
--------------------

Comparisons for gene expression levels, cell growth, sphere formation, adhesion, migration, and invasion capacities were analyzed with Graph Pad Prims v5 software using nonparametric two-tailed *t*-test (Mann--Whitney) and two-way ANOVA with Bonferroni post-test. Significant *P*-value was considered as \<0.05, \<0.01, or \<0.001 as indicated in the figures.

Results
=======

Xenograft-derived HEK cells exhibit a heterogeneous gene expression of CD24
---------------------------------------------------------------------------

We have previously shown that xenograft-derived HEK cells acquire both an autonomous capacity to form tumors and a metastable phenotype characterized by the expression of both epithelial and mesenchymal markers.[@b12-cmar-10-5767] We noticed that one out of three isolated cell lines (PC1-Expl-1) had a heterogeneous expression of the cell surface marker CD24 ([Figure 1A](#f1-cmar-10-5767){ref-type="fig"}). To study whether a variable expression of CD24 was associated or not with tumorigenic potential, we sorted CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ cells by flow cytometry ([Figure 1B](#f1-cmar-10-5767){ref-type="fig"}). Purified cells were replated and cultured in standard conditions. Both cell subpopulations grew well after sorting, and after 1 month the CD24 expression remained negative in the CD44^+^CD24^Neg^ and positive in the CD44^+^CD24^Pos^ subpopulations ([Figure 1C](#f1-cmar-10-5767){ref-type="fig"}). The gene expression level of CD44 and CD24 was also evaluated by qRT-PCR in cells that were kept in culture for 1 month. As expected, the CD44^+^CD24^Pos^ cells express much higher levels of CD24 while both subpopulations express similar levels of CD44 ([Figure 1D](#f1-cmar-10-5767){ref-type="fig"}). These results demonstrate that CD44/CD24 expression levels remain relatively stable throughout many generations in vitro.

CD44^+^CD24^Pos^ cells display enhanced EMT-related phenotypes compared to CD44^+^CD24^Neg^ cells
-------------------------------------------------------------------------------------------------

Both CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ subpopulations were very similar in size and morphology, with cells showing an elongated form with apparent loss of cell--cell contacts ([Figure 2A](#f2-cmar-10-5767){ref-type="fig"}). Although both cell lines showed similar levels of expression of the proliferation marker Ki67 ([Figure 2B](#f2-cmar-10-5767){ref-type="fig"}, left) and proliferation rate was very similar during the first three days of culture, CD44^+^CD24^Neg^ cells proliferated slightly more rapidly than the CD24^Pos^ in the following days ([Figure 2B](#f2-cmar-10-5767){ref-type="fig"}, right), a difference that has been consistently observed in subsequent cell subcultures (not shown). As these cells were derived from a parental epithelial cell line that underwent first an EMT and then an MET,[@b12-cmar-10-5767] we proceeded to evaluate the expression of EMT-associated protein markers, as well as that of microRNA members of the miR-200 family. Data from Western blot ([Figure 2C](#f2-cmar-10-5767){ref-type="fig"}) and qRT-PCR ([Figure 2D](#f2-cmar-10-5767){ref-type="fig"}) analyses indicate that the expression of both epithelial (E-cadherin and Kr19) and mesenchymal markers (Vimentin, Zeb1, Zeb2, and Twist) are slightly more robust in the CD44^+^CD24^Pos^ cells, as compared to CD44^+^CD24^Neg^, as it is the relative expression of miR-200a and miR-429 ([Figure 2E](#f2-cmar-10-5767){ref-type="fig"}).

We next evaluated functional properties associated with the EMT, namely migration, invasion, and adhesion capacities. CD44^+^CD24^Pos^ cells were more motile, with cells migrating more than CD44^+^CD24^Neg^ cells as assessed by "wound healing" assay (spontaneous migration) ([Figure 3A](#f3-cmar-10-5767){ref-type="fig"}) or by directed migration toward FBS in the transwell migration assay ([Figure 3B](#f3-cmar-10-5767){ref-type="fig"}). A significant increase in matrigel-coated filter invasion capacity was also evident in CD44^+^CD24^Pos^ cells ([Figure 3C](#f3-cmar-10-5767){ref-type="fig"}). Interestingly, the CD44^+^CD24^Neg^ cells showed more ability to adhere to fibro-nectin-coated plates ([Figure 3D](#f3-cmar-10-5767){ref-type="fig"}) as evaluated by counting the number of adhered cells ([Figure 3D](#f3-cmar-10-5767){ref-type="fig"}, upper) or by quantifying Crystal violet absorbance ([Figure 3D](#f3-cmar-10-5767){ref-type="fig"}, bottom). These data indicate that CD44^+^CD24^Pos^ cells have enhanced migration and invasion capacities, suggesting enhanced tumorigenic capabilities, while conserving a mixed EMT phenotype in terms of marker expression.

CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ cell subpopulations dramatically differ in their tumorigenic potential
------------------------------------------------------------------------------------------------------------

Given the differences in migration and invasion between CD24^Neg^ and CD24^Pos^ cell lines, we proceeded to evaluate their tumorigenic potential in comparison to the parental cell line PC1-Expl-1. After 40--50 days postinjection, and contrary to our expectations, the CD44^+^CD24^Neg^ cell subpopulation was as competent to form tumors as the parental cell line ([Figure 4A](#f4-cmar-10-5767){ref-type="fig"}). On the other hand, CD44^+^CD24^Pos^ cells did not support tumor formation, even after a follow-up period of more than 3 months. Given that the parental cell line contains both cell types and is able to form tumors very efficiently, we explored the possibility of a positive or negative interaction by mixing CD44^+^CD24^Pos^ and CD44^+^CD24^Neg^ cells in equal proportions and by injecting the mix subcutaneously into SCID mice. The CD44^+^CD24^Pos^/CD44^+^CD24^Neg^ mix formed tumors with a slight delay, after which tumors reached sizes that were, in average at the experimental endpoint, half of the size of the pure CD44^+^CD24^Neg^-derived or parental cell-derived tumors ([Figure 4A](#f4-cmar-10-5767){ref-type="fig"}). Similar to our previous study,[@b12-cmar-10-5767] immunohistochemical staining ([Figure 4B](#f4-cmar-10-5767){ref-type="fig"}) revealed that PC1-Expl-1-derived tumors were highly heterogeneous, with epithelioid and fibroblastoid compartments, a morphology also observed in the tumors formed by the CD44^+^CD24^Pos^/CD44^+^CD24^Neg^ mix. Interestingly, tumors formed by the CD44^+^CD24^Neg^ cell subpopulation exhibited a more accentuated epithelioid morphology, also suggested by the lower expression of some mesenchymal markers such as αSMA and Vimentin ([Figure 4B](#f4-cmar-10-5767){ref-type="fig"}). These results indicate that tumor formation in the parental cell line and the mix is mostly the result of CD44^+^CD24^Neg^ growth capabilities. However, the presence of tumor heterogeneity whenever CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ are co-injected suggests some contribution by the latter.

CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ subpopulations varied in their stemness properties
----------------------------------------------------------------------------------------

CSC are defined mainly by their self-renewal and their multipotential differentiation capacities[@b49-cmar-10-5767]; these stem-like cell features have also been associated with an EMT program.[@b10-cmar-10-5767],[@b50-cmar-10-5767],[@b51-cmar-10-5767] Therefore, we evaluated the ability of the two cell subpopulations to form multicellular spheroids in low binding surfaces. CD44^+^CD24^Pos^ and CD44^+^CD24^Neg^ cells were plated in six-well low-binding plates (5,000 cells/well) for 8 days. While both cell subpopulations formed spheres bigger than 100 µm, the number and size of these spheres were greater in CD44^+^CD24^Pos^ cells ([Figure 5A](#f5-cmar-10-5767){ref-type="fig"}). This result indicates that CD44^+^CD24^Pos^ cells display higher self-renewing properties when compared to CD44^+^CD24^Neg^ cells. In contrast, the number of colonies formed by CD44^+^CD24^Neg^ cells after dilution was much higher than that of CD44^+^CD24^Pos^ cells ([Figure 5D](#f5-cmar-10-5767){ref-type="fig"}), suggesting an enhanced clonogenic capacity for the former. We also assessed gene expression of stem cell-associated markers (the ATP-binding cassette \[ABC\] transporter, ABC-B1) and reprogramming factors (Nanog, Oct-4, Klf-4, Sox2, Lin28) by qRT-PCR. CD44^+^CD24^Pos^ cells express high levels of the ABC-B1 transporter, known to be involved in multidrug resistance[@b52-cmar-10-5767] ([Figure 5B](#f5-cmar-10-5767){ref-type="fig"}). In addition, Oct-4, Sox-2, and Lin28 were also upregulated in the CD44^+^CD24^Pos^ cell subpopulation ([Figure 5C](#f5-cmar-10-5767){ref-type="fig"}), suggesting again that CD44^+^CD24^Pos^ cells have more "stemness" than CD44^+^CD24^Neg^ cells.

To extend the global assessment of CSC properties, based also on the origin of the HEK cell lines, we further evaluated the expression of EpCAM, ALDH1, CD133, and CD105. EpCAM is an adhesion molecule expressed in a variety of human epithelial cancers, progenitors, and stem cells.[@b3-cmar-10-5767],[@b53-cmar-10-5767],[@b54-cmar-10-5767] The enzyme ALDH1 is highly expressed in embryonic tissue as well as in adult stem cells.[@b55-cmar-10-5767],[@b56-cmar-10-5767] CD133 is often used as a marker for CSC in nervous system, colon, and prostate cancer and that has been used as a negative predictive factor in RCC.[@b25-cmar-10-5767],[@b57-cmar-10-5767]--[@b61-cmar-10-5767] Finally, the CD105 protein has been defined as a CSC marker in ccRCC.[@b4-cmar-10-5767] Although the differences observed were small, they were consistent and statistically significant ([Figure 6A, D](#f6-cmar-10-5767){ref-type="fig"}). The median fluorescence intensity of proportion of EpCAM+ and CD133+ was higher in CD44^+^CD24^Pos^ cells ([Figure 6A, C](#f6-cmar-10-5767){ref-type="fig"}), while that of CD105+ was higher in CD44^+^CD24^Neg^. The ratio of the ALDH1+ cells stained with BAAA was 17.6% and 0.68% in CD44^+^CD24^Pos^ and CD44^+^CD24^Neg^ cells, respectively, while that of those stained with BAAA and DEAB, as a negative control, was 2.76% and 0.35%, respectively. Therefore, the real ratio of the ALDH+ cells was 14.84% and 0.33%, respectively, indicating again that CD44+CD24^Pos^ cells are enriched in stem-like cells ([Figure 6B](#f6-cmar-10-5767){ref-type="fig"}).

We next evaluated the multilineage differentiation potential of these cells. Remarkably, after 9 days, both CD44^+^CD24^Pos^ and CD44^+^CD24^Neg^ cells were able to give rise to chondrocytes, adipocytes, and osteocytes ([Figure 7](#f7-cmar-10-5767){ref-type="fig"}), although the intensity of the staining suggested a slight increase in the differentiation capacity of CD44^+^CD24^Pos^ cells. To better assess this, we evaluated the differentiation capacity (specific staining) and the differentiation-associated gene expression (qRT-PCR) at different time points. Early evaluations (day 3) did not reveal well-defined differences between these two cell subpopulations ([Figure S1](#SD1-cmar-10-5767){ref-type="supplementary-material"}). The evaluations at days 6 and 9 showed that, although both cell subpopulations were endowed with differentiation capacity ([Figures S2A](#SD2-cmar-10-5767){ref-type="supplementary-material"}, [S3A, B](#SD3-cmar-10-5767){ref-type="supplementary-material"} and [S4A, B](#SD4-cmar-10-5767){ref-type="supplementary-material"}), normalization of gene expression relative to CD44^+^CD24^Neg^ cells showed increase in expression of PPARγ (adipogenic differentiation), RUNX2 (osteogenic differentiation), and Aggrecan (chondrogenic differentiation) ([Figures S2C](#SD2-cmar-10-5767){ref-type="supplementary-material"}, [S3C](#SD3-cmar-10-5767){ref-type="supplementary-material"}, and [S4C](#SD4-cmar-10-5767){ref-type="supplementary-material"}, respectively).

CD44^+^CD24^Pos^ cells were enriched in a proinflammatory gene expression signature
-----------------------------------------------------------------------------------

The tumorigenic assay indicates that while the inoculation of a mixture of both cell subpopulations reconstituted the heterogeneity of tumors obtained with the parental PC1-Expl-1, the inoculation of pure CD44^+^CD24^Neg^ cells yielded a more homogeneous tumor. This suggests that the presence of CD44^+^CD24^Pos^ cells, which likely does not contribute much to tumor growth, somehow influences the differentiation status of tumor cell populations. We have explored the possibility that soluble factors could be responsible for these effects and found that CD44^+^CD24^Pos^ cells secrete high levels of the proinflammatory cytokines IL6 and IL8, as evaluated by flow cytometry ([Figure 8A](#f8-cmar-10-5767){ref-type="fig"}). Next, we used a human cytokine antibody array (ARY005B) that simultaneously detects 36 target proteins. From this screen, expressions of IL6, IL8, CXCL-1, and SERPIN E1, were found to be significantly increased in CD44^+^CD24^Pos^ compared to CD44^+^CD24^Neg^ cells ([Figure 8B](#f8-cmar-10-5767){ref-type="fig"}), suggesting that these soluble factors could be responsible for conferring special properties to the microenvironment where cells grew or to neighboring cells, including CD44^+^CD24^Neg^. Some of these cytokine-signaling pathways involved NF-κB activation. Notably, CD44^+^CD24^Pos^ cells showed higher phosphorylation of NF-κB ([Figure 9A, C](#f9-cmar-10-5767){ref-type="fig"}) while pSTAT3 was unmodified ([Figure 9B, C](#f9-cmar-10-5767){ref-type="fig"}). The mechanisms, by which these soluble factors and pathways could eventually induce cells with less tumorigenic potential, should be further studied.

Discussion
==========

Cancer cells within individual tumors often exist in diverse phenotypic states differing in functional attributes. Beyond the mutation-driven emergence and evolution of clonal diversity, the presence of CSC, with their self-renewal potential, multipotency, and dynamic plasticity,[@b62-cmar-10-5767],[@b63-cmar-10-5767] is expected to significantly contribute to this heterogeneity. Intratumor heterogeneity can also be the result of tumor microenvironment influence (stromal cells, secretion of soluble factors, presence of extracellular matrix components, and so on), which can enable cancer cells to gain or lose stem-like cell functions.[@b64-cmar-10-5767]--[@b66-cmar-10-5767] In our model, premalignant HEK cells were tumorigenic only in the presence of a senescence microenvironment, which also proved to be responsible for conferring autonomous tumorigenic potential to explanted cells isolated from those tumors.[@b12-cmar-10-5767] This remarkable acquisition was accompanied by a MET transition program generating cells with a hybrid phenotype (presence of epithelial and mesenchymal markers)[@b15-cmar-10-5767],[@b16-cmar-10-5767] and importantly, increased stem-like cell functions and cell plasticity.[@b12-cmar-10-5767] Because there is still no complete clarity about the importance of the EMT/MET intermediate states, the CSC markers, or the cell phenotypic heterogeneity in tumor development and progression, we sought to investigate if the CD24 variable expression observed in the HEK-explanted cell lines could be associated with the gain or loss of cell properties contributing to tumorigenesis.

Comparison of the two cell subpopulations shows that they are very similar in size and morphology but differ slightly in the expression of epithelial and mesenchymal markers,[@b67-cmar-10-5767],[@b68-cmar-10-5767] with the CD44^+^CD24^Pos^ cell subpopulation having increased expression of E-cadherin and Vimentin and the EMT-associated transcription factor Zeb-2. Some members of the miR-200 family, associated with the EMT program, were also augmented in the CD44^+^CD24^Pos^ cells. These enriched mesenchymal cell features agreed well with the more migratory and invasive phenotype observed in the CD44^+^CD24^Pos^ cell subpopulation, and may have anticipated its greater tumorigenic capacity.[@b69-cmar-10-5767],[@b70-cmar-10-5767] However, CD44^+^CD24^Pos^ cells were unable to induce tumors in SCID mice, while CD44^+^CD24^Neg^ cells were as tumorigenic as the parental PC1-Expl-1 cell line. However, the tumors formed by CD44^+^CD24^Neg^ cells were more homogeneous than tumors formed by parental cells or by a mixture of both CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^, suggesting that the latter, even if they contribute little to tumor growth, contribute to tumor heterogeneity. Although the mechanism by which the presence of CD44^+^CD24^Pos^ cells impacts tumor heterogeneity remains to be fully explored, we have showed that these cells secreted higher amounts of inflammatory cytokines, which could influence their own growth as well as the tumor microenvironment.

Evaluation of stemness showed that, except for clonogenicity and CD105 marker expression, CD44^+^CD24^Pos^ cells presented an enrichment of stem-like cell characteristics (number and size of tumorspheres, multilineage differentiation potential, expression of reprogramming factors, ALDH1 and ABC-B1). In this way, it was surprising that they were unable to induce tumors.[@b55-cmar-10-5767],[@b71-cmar-10-5767],[@b72-cmar-10-5767] Because of their prominent EMT phenotype and their greater mobility and ability to migrate and invade, it is possible that these cells are more likely endowed with metastatic potential,[@b73-cmar-10-5767] and that they are limited in their ability to colonize tissues and establish robust cell growth. This possibility is supported by the fact that they display low adhesion capacity, reduced proliferation rate, as well as very diminished clonogenic capacity,[@b74-cmar-10-5767],[@b75-cmar-10-5767] compared to CD44^+^CD24^Neg^ cells. In this regard, high CD24 expression has been associated with metastasis potential.[@b22-cmar-10-5767],[@b24-cmar-10-5767] The existence of distinct populations of cancer cells, having tumor growth advantages or alternatively, metastatic potential, has also been demonstrated in human pancreatic cancer.[@b76-cmar-10-5767] Also, in xenotransplantation experiments, it has been shown that breast cancer cell lines expressing high levels of ALDH1 are more metastatic than those expressing low ALDH1.[@b77-cmar-10-5767] Interestingly, cells from the metastasis showed a reduced CD44/CD24 ratio, compared to cells from the primary tumor, due to a higher CD24 expression.[@b77-cmar-10-5767] It should be clear, notwithstanding, that the CD44^+^CD24^Neg^ cell subpopulation has also stem-like cell properties (albeit some of them reduced compared to CD44^+^CD24^Pos^ cells) but with extra attributes that make them competent to adhere and proliferate, and notably, induce tumors.

Though the purpose of our work was not to validate our HEK model as an in vitro system for RCC studies, we noted that both cell subpopulations expressed high levels of CD105, a marker that has been used to identify CSC in various types of RCC[@b4-cmar-10-5767] and PAX8, another marker associated with renal neoplasia.[@b78-cmar-10-5767],[@b79-cmar-10-5767] Of note, the tumorigenic CD44^+^CD24^Neg^ cells expressed higher level of CD105 compared to the nontumorigenic CD44^+^CD24^Pos^ cells. Perhaps relevant to this is the fact that CD105+ cells isolated from patients with RCC when injected into immunodeficient mice are tumorigenic compared to the CD105 cell population.[@b4-cmar-10-5767] Further analysis of the tumorigenic CD105+ cells revealed also higher clonogenic ability of these cells, thus a situation very similar to the CD44^+^CD24^Neg^ cells described here.

Also in keeping with ours is another study on a sarcomatoid RCC cell line, in which two cell subpopulations initially identified by the differential expression of CD44 and CD24 were found to have different tumorigenic capabilities, each one harboring their own albeit different CSC.[@b80-cmar-10-5767] In the same study, the CD44^Bright^CD24^Bright^ showed greater migratory and invasive potential compared to the CD44^Bright^CD24^Dim^ subset,[@b80-cmar-10-5767] pointing to a further similarity with our model where CD44^+^CD24^Pos^ presented also higher migratory and invasive potential. Together, these results indicate that different cell subpopulations with specific stem-like cell properties may exist in the same tumor, and suggest that a particular set of stem cell features could translate into different oncogenic phenotypes.

In all, our work supports the idea that full-blown stemness is not indispensable for tumorigenesis, although some stem-like cell attributes may be needed, depending on the cell context and/or the stage of tumor formation. It is also highly likely that functions not necessarily associated with stemness are required for full tumorigenicity. The "optimal" set of cell functions with this ability would necessarily depend on genome evolution, cell heterogeneity, microenvironmental cues, and cell--cell interactions in the primary tumor. Recreating such environment in heterotopic situations during the metastatic process likely requires a great deal of cell plasticity, which at minima combines EMT/MET transitions and bona fide stemness capacities.

Conclusions
===========

Our results showed that CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ cells differ in features associated with EMT--MET programs, stemness, and, importantly, tumorigenic capacity. Although the CD44^+^CD24^Neg^ cell subpopulation displayed reduced stem-like cell properties and lesser ability to migrate and invade, compared to CD44^+^CD24^Pos^ cells, they produced tumors as efficiently as the parental PC1-Expl-1 cell line. Having extra attributes (increased adherence, clonogenicity, and proliferation) could favor local tumor growth. Our results suggest that an "optimal" set of stem-like cell properties with the ability to confer tumorigenicity would depend necessarily on cell and tissue context, microenvironmental cues, and cell--cell interactions in the tumor microenvironment. In conclusion, this work shows that the acquisition of a full-blown stemness program is not necessarily associated with increased tumor initiation.

Supplementary materials
=======================

###### 

Early evaluations of the differentiation capacity did not reveal differences between CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ cells.

**Notes:** Differentiation to adipocytes (stained with oil red-O), osteoblasts (stained for alkaline phosphatase activity), and chondrocytes (stained with Safranin O) mesenchymal cell lineages was induced by standard protocols. Differentiation was evaluated after 3 days of induction. Representative images (20×) and image enlargements from the experiment are shown.

**Abbreviations:** Neg, negative; Pos, positive.

###### 

CD44+CD24^Pos^ cells show more efficient adipogenic differentiation capacity.

**Notes:** (**A**) Adipogenic differentiation was evaluated after 6 and 9 days of induction by oil red-O staining. Relative gene expression levels of PPARγ and CBPF involved in adipogenic differentiation were determined by qRT-PCR; the values were normalized to (**B**) GAPDH and relative to control cells (undifferentiated) or to (**C**) CD44^+^CD24^Neg^ cells. Error bars represent SEM (\**P*\<0.05).

**Abbreviation:** GAPDH, glyceraldehyde 3-phosphate dehydrogenase; Neg, negative; Pos, positive.

###### 

CD44^+^CD24^Pos^ cells show more efficient osteogenic differentiation capacity.

**Notes:** (**A**) Osteogenic differentiation was evaluated after 6 and 9 days of induction by alkaline phosphatase staining. Relative gene expression levels of ALP and RUNX2 involved in osteogenic differentiation were determined by qRT-PCR; the values were normalized to (**B**) GAPDH and relative to control cells (undifferentiated) or to (**C**) CD44^+^CD24^Neg^ cells. Error bars represent SEM (\**P*\<0.05; \*\**P*\<0.01).

**Abbreviations:** ALP, alkaline phosphatase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; Neg, negative; Pos, positive.

###### 

CD44^+^CD24^Pos^ cells show more efficient chondrogenic differentiation capacity.

**Notes:** (**A**) Chondrogenic differentiation was evaluated after 6 and 9 days of induction by Safranin O staining. Relative gene expression levels of SOX9 and AGGRECAN involved in chondrogenic differentiation were determined by qRT-PCR; the values were normalized to (**B**) GAPDH and relative to control cells (undifferentiated) or to **(C)** CD44^+^CD24^Neg^ cells. Error bars represent SEM (\**P*\<0.05; \*\**P*\<0.01; \*\*\**P*\<0.001).

**Abbreviation:** GAPDH, glyceraldehyde 3-phosphate dehydrogenase; Neg, negative; Pos, positive.

###### 

Primer sequences

  Name                        Forward-sequence             Reverse-sequence
  --------------------------- ---------------------------- ----------------------------
  **Epithelial markers**                                   
  E-CADHERIN                  TGGACAGGGAGGATTTTGAG         ACCCACCTCTAAGGCCATCT
  KR19                        GAGCATGAAAGCTGCCTTGG         GGGCTTCAATACCGCTGATC
  **Mesenchymal markers**                                  
  VIMENTIN                    CGAGGACGAGGAGAGCAGGATTTCTC   GGTATCAACCAGAGGGAGTGA
  ZEB1                        AAGAATTCACAGTGGAGAGAAGCCA    GGTTTCTTGCAGTTTGGGCATT
  ZEB2                        TATGGCCTACACCTACCCAAC        AGGCCTGACATGTAGTCTTGTG
  **Reprogramming markers**                                
  OCT4                        AGTTTGTGCCAGGGTTTTTG         CTTCACCTTCCCTCCAACC
  NANOG                       CCTGTGATTTGTGGGCCT           GACAGTCTCCGTGTGAGGCAT
  SOX2                        GTATCAGGAGTTGTCAAGGCAGAG     TCCTAGTCTTAAAGAGGCAGCAAAC
  KLF4                        TATGACCCACACTGCCAGAA         TGGGAACTTGACCATGATTG
  LIN28                       CAAAAGGAAAGAGCATGCAGAA       ATGATCTAGACCTCCAGAGTTGTAGC
  **Stem cell markers**                                    
  ABC-B1                      TGCGACAGGAGATAGGCTG          GCCAAAATCACAAGGGTTAGCTT
  **Housekeeping**                                         
  GAPDH                       GACCCCTTCATTGACCTCAAC        CTTCTCCATGGTGGTGAAGA

**Abbreviation:** GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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![Xenograft-derived human embryonic kidney cells exhibit a heterogeneous gene expression of CD24.\
**Notes:** (**A**) CD44^+^CD24^Pos^ and CD44^+^CD24^Neg^ cells were sorted by FACS according to CD24 expression. (**B**) The purity of these two cell populations was confirmed by rerunning the sorted population (post-sorting). (**C**) Sorted cells were kept in culture for 1 month, after which cell surface marker expression was determined in both CD44^+^CD24^Pos^ and CD44^+^CD24^Neg^ cell populations by flow cytometry (FACS) using CD44-FITC (mesenchymal marker) and CD24-PE (epithelial marker) monoclonal antibodies (lower plots). The upper plots indicated the blanc (n=3). (**D**) CD24 and CD44 expression was determined by quantitative reverse transcription PCR; the values were normalized to glyceraldehyde 3-phosphate dehydrogenase and relative to control cells. Error bars represent SEM. (\*\*\**P*\<0.001) (n=2).\
**Abbreviations:** FACS, fluorescence-activated cell sorting; Neg, negative; Pos, positive.](cmar-10-5767Fig1){#f1-cmar-10-5767}

![CD44^+^CD24^Pos^ cells exhibit an enhanced EMT phenotype compared to CD44^+^CD24^Neg^.\
**Notes:** (**A**) Representative images of cell cultures showing cells with fibroblastoid morphology in both cell subpopulations; scale bar, 10 µm. (**B**) Representative FACS histograms (left) showing the expression of Ki-67 in CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ cells (black and gray histogram, respectively). Filled histogram corresponds to blanc and dotted histogram to isotype control. The cell proliferation capacity (right) was determined by automatic counting of cells at the indicated time points; cells were seeded in triplicates, error bars represent SEM (\*\**P*\<0.01; \*\*\**P*\<0.001) (n=2). The expression of EMT markers (E-cadherin, Keratin 19, Vimentin, Zeb1, Zeb2, and Twist1) was evaluated by (**C**) Western blot or (**D**) qRT-PCR; the values were normalized to beta-actin or glyceraldehyde 3-phosphate dehydrogenase, respectively (\**P*\<0.05). (**E**) Expression levels of the miR-200 family, relative to the mean expression of hsa-Let7 family (housekeeping gene) as determined by qRT-PCR. Error bars indicate SEM from two independent RT reactions.\
**Abbreviations:** EMT, epithelial--mesenchymal transition; Neg, negative; Pos, positive; E-cadh, E-cadherin; Vim, Vimentin; Zeb-1, Zinc Finger E-Box Binding Homeobox 1; Twist-1, Twist Family BHLH Transcription Factor 1.](cmar-10-5767Fig2){#f2-cmar-10-5767}

![CD44^+^CD24^Pos^ exhibited more ability to migrate and invade but less ability to adhere to CD44^+^CD24^Neg^ cells.\
**Notes:** (**A**) Wound healing assay performed in CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ cells; a representative experiment is shown (micrographs \[10×\] were taken at the indicated times). Black dotted lines indicate the area of the wound. The histograms show the healed wound area at the different time points; at least ten images were analyzed using the Image J program. Error bars indicate SEM. (\**P*\<0.05; \*\**P*\<0.01). (**B**) Transwell migration and (**C**) invasion (toward 20% FBS) assays. Representative micrographs (20×) were taken from the membrane filters (bottom surface of the filters) stained with Crystal violet. The histograms show the quantification of transwell migration and invasion assay by counting the number of cells present on the bottom surface of filters from at least 15 images. Error bars indicate SEM (\*\**P*\<0.01; \*\*\**P*\<0.001) (n=2). (**D**) Adhesion assay of CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ cell subpopulations. Representative micrographs (20×) were taken from the plates stained with Crystal violet. The histograms show the quantification of the adhesion assay by counting the number of adherent cells (upper) and by measuring the Crystal violet absorbance (bottom). Error bars indicate SEM (\*\*\**P*\<0.001).\
**Abbreviations:** Neg, negative; Pos, positive.](cmar-10-5767Fig3){#f3-cmar-10-5767}

![CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ cell subpopulations differ in their tumorigenic potential.\
**Notes:** (**A**) Tumorigenic assay: The indicated sorted cell lines were injected (5×10^5^ cells per inoculation) subcutaneously in the flanks of SCID mice. A cell suspension containing 2.5×10^5^ cells of each cell subpopulations was used (labeled Mix). As a control, PC1-Expl-1 cells (5×10^5^) were injected. CD44^+^CD24^Neg^ cells formed visible tumors in 40 days. Error bars indicate mean ± SD. (**B**) Histopathology analyses of tumors formed by PC1-Expl-1, Mix, and CD44^+^CD24^Neg^ cells. H&E staining shows the morphologic aspect. Immunostaining for the epithelial (EMA and E-cadherin) and mesenchymal (αSMA and Vimentin) markers, and for the renal carcinoma marker Pax8, were performed using specific antibodies to detect the human proteins.\
**Abbreviations:** αSMA, alpha-smooth muscle actin; EMA, epithelial membrane antigen; Neg, negative; Pos, positive.](cmar-10-5767Fig4){#f4-cmar-10-5767}

![CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ subpopulations vary in their stemness properties.\
**Notes:** (**A**) Sphere formation assay in the presence of defined medium (epidermal growth factor and fibroblast growth factor). Representative micrographs (10×) show sphere formation after 8 days of induction. Scale bar, 100 µm. The total number of spheres per well larger than 100 µm was determined at day 8. Error bars indicate SEM. (\*\*\**P*\<0.001) (n=2). (**B**) The gene expression level of stem cell-associated markers (ABC-B1) and (**C**) reprogramming-associated transcription factors was determined by quantitative reverse transcription PCR. The values were normalized to glyceraldehyde 3-phosphate dehydrogenase. Error bars represent SEM (\**P*\<0.05; \*\*\**P*\<0.001) (n=2). (**D**) Representative micrographs of two independent clonogenic experiments in CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ cells. Colonies were stained with Crystal violet.\
**Abbreviations:** Neg, negative; Pos, positive.](cmar-10-5767Fig5){#f5-cmar-10-5767}

![CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ subpopulations differ in the expression of stem cell markers.\
**Notes:** CD44^+^CD24^Pos^ express high levels of stem cell markers. (**A**) Representative plot showing the expression of EpCAM in CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ cells (black and gray histogram, respectively) determined by flow cytometry. Dotted histogram corresponds to blanc (n=3). (**B**) ALDH activity was determined by fluorescence-activated cell sorting. DEAB, an ALDH inhibitor, was added to ensure accurate identification of ALDH+ and ALDH− cells. The expression of (**C**) CD133 and (**D**) CD105 was determined by FACS. The histograms show the median fluorescence intensity (n=2). Error bars indicate SEM (\**P*\<0.05; \*\**P*\<0.01).\
**Abbreviations:** ALDH, aldehyde dehydrogenase; DEAB, diethylamino-benzaldehyde; Neg, negative; Pos, positive.](cmar-10-5767Fig6){#f6-cmar-10-5767}

![CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ cells differ slightly in their multilineage differentiation capacity.\
**Notes:** The differentiation to mesenchymal cell lineages was induced by using specific stimulation media, as described in methods and evaluated after 9 days of induction. Adipocytes (oil red-O), osteoblasts (ALP activity), and chondrocytes (Safranin O) differentiation was determined with specific staining. Representative images are shown. Scale bar, 10 µm.\
**Abbreviations:** ALP, alkaline phosphatase; Neg, negative; Pos, positive.](cmar-10-5767Fig7){#f7-cmar-10-5767}

![CD44^+^CD24^Pos^ cells show a proinflammatory gene expression signature.\
**Notes:** (**A**) The proinflammatory cytokines IL6 and IL8 were determined using a Becton Dickinson Cytometric Bead Array flow cytometric assay, using serum-free conditioned medium obtained from CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ cells. Bar graph shows the amount of cytokines in a representative experiment. (**B**) Human proinflammatory cytokines and chemokines were determined using a human cytokine detection kit and protocol (\# ARY005B, R&D Systems). Culture media from CD44^+^CD24^Neg^ and CD44^+^CD24^Pos^ cells were blotted on cytokine membranes. Captured proteins were visualized using chemiluminescent detection reagents and the signal produced was quantified. The signal is proportional to the amount of analyte bound. Positive cytokines appear as black dots, in duplicate. **+**: membrane positive control. \*\*\**P*\<0.001; \**P*\<0.05.\
**Abbreviations:** Neg, negative; Pos, positive.](cmar-10-5767Fig8){#f8-cmar-10-5767}

![CD44^+^CD24^Pos^ cells showed higher phosphorylation of NF-κB but no changes in the expression or phosphorylation levels of Stat3.\
**Notes:** Western blot analysis was performed to assess total and phosphorylated (**A**) NF-κB and (**B**) Stat3 protein levels in CD44^+^CD24^Pos^ and CD44^+^CD24^Neg^ cells. Forty micrograms of proteins were fractionated on SDS-polyacrylamide gels, transferred to polyvinylidene difluoride membranes and incubated with specific antibodies. (**C**) Quantification of the total (left) and phosphorylated (right) target protein bands relative to β-actin is shown in the bar graphs. Error bars indicate SEM (\**P*\<0.05; \*\**P*\<0.01).\
**Abbreviation:** NF-κB, nuclear factor kappa B; Neg, negative; Pos, positive.](cmar-10-5767Fig9){#f9-cmar-10-5767}
